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e*p - Kinematics at HERA

27.6 GeV electrons/positrons on 920(820) GeV protons

Deep Inelastic Scattering (DIS):

Neutral current (NC) via y/Z% exchange

Charged current (CC) via W* exchange

Photoproduction: Q2 0

Q2 = exchanged momentum (squared)
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Bjorken scaling variable
inelasticity scaling variable
center of mass energy (~320 GeV)

photon-proton center of mass energy



HERA Luminosities
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Hadron Production at HERA

Hadronisation processes
leading to hadronic final
/ states (non-perturbative QCD)

Heavy quark production ;
nowever dominated by
bhoton-gluon processes

(perturbative QCD)




Strangeness
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a) Hard scattering of s sea b) Boson-gluon fusion
quark (BGF)

c) Parton pure fragmentation  d) Heavy quark decay

Observation of K.%’s and A’s:
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Strangeness Reslults

Baryon to meson ratio: (A + AYK®,
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fairly well described by ARIADNE MC
(strangeness suppression factor A, = 0.3)

full sets of cross sections vs event/particle variables

Other results

(similar ones from H1)

Photoproduction
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new production mechanism

needed at low XYOBS

baryon to meson ratio similar to ete- measurements
no baryon-antibaryon asymmetry observed

no evidence for A transverse polarisation



Charm Production

B = K ™
D*t — D% f
B s JC VN
Df —w¢ont — KTK n™
Af — K prt

e« charm fragmentation ratios
« charm hadronisation fractions

e .. numerous other QCD results
(cross sections vs QCD NLO, F,c, ..)



D% and D* Production
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D* and D.* Production
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Charm Fragmentation
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Ratios:

e neutral to charged D mesons —» u and d
produced ~equally in charm fragmentation

e fraction charged D’s in vector state < naive 3
« strangeness suppression factor

Fractions:
e generally consistent with expectations
« agreements ZEUS - H1 - ete-

« fragmentation ~independent of the hard
subprocesses



Gluon and Quark States

The best known hadrons are well
explained by the Standard Model

Particles made only from gluons, or from
more than 3 quarks are not excluded

Since gluons carry both color and anti-color,
2 or 3 may form color singlet “glueballs”

Lattice QCD calculations predict:
lightest glueball JP¢ = 0** in mass range 1450-1750 MeV
next: JPC = 2** in mass range 2300-2600 MeV

K.OK.® bound states: JP¢ = 0** (scalar), 2+ (tensor), ..
hence may couple to glueballs



Combinations/15 MeV

K.°K.° Resonant States
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K.°K.° Resonance Results
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Strangeness States

Search for: ©T — K%p and ®©F — Kp
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Strangeness States

Combinations / 10 MeV
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D*p Resonance (2004)

H1

e Dp+Dp

A resonance was observed by H1
with HERA I data (75 pb1)

Invariant mass = 3099 + 3 MeV
RMS = 12 + 3 MeV
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D*p Resonance (2008)

Excess not observed in other
experiments (BaBar, CDF, ZEUS, —
ALEPH, FOCUS), therefore:

Repeat measurement with HERA 11
data (348 pb'1) and nearly the same
cuts: slightly reduced phase space.
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New Analysis
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e 23 years since conception and after 15 years of operation,
HERA stopped on June 30th, 2007. An integrated luminosity of
1 fb-1 was taken by both experiments H1 and ZEUS combined.

o ZEUS and H1 have ongoing spectroscopy programs, from light
quarks to beauty and for multi-parton resonant state searches.

e HERA I1I statistics are now being exploited to understand the
properties of the investigated states.

e No positive signal observed in the most recent pentaquark
searches.
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Excited Charm Mesons

Spectroscopy of D mesons

ZEUS:
MeV[ =0 L=1
D,(2420)0, D,(2460)0 — D**7 - e -
D,(2460) — D*Ti,- -
D_*(2536) — D**K°, TN
D *(2536) — DOK* 2400
2000|
measure masses, widths, gty
18D
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helicity dependence, ..



“"Backward Analysis”

Study D* mass in
the signal region
and in side bands:

Excess is observed
only for the signal
region with HERA I:
the sample is charm
enriched.
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